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Transformations of SCBs

................

R4 5 R EEREEEELEEEED .

= i High

Rz : Ring Strain ;
Energy

................

: 33 kcal/mol !

.................................

- ' OMe

retro-(2+2) ethylene R\)\ SD

cycloaddition — ! o\

T TR PR R Mukaiyama Ry
: : (4+n)  © aldol reaction "TTTTTTTIIIene '

R :
! . : :
(]:\ oo annulation (S>

. m=(0, 1, 2, 3) i SCBs ; Hiyama-Denmark
cross—couplmg R,— Ar)

A S .

...............

'
e

...................

...................



Transformations of SCBs

1. retro-(2+2) cycloaddition

l——SIi A Me,Si=CH,| + H,C=CH,
\

Mez

SI SlMez different trapping reagents M923i_|

L&
Me S| SiR,
*No- S|Me R,si7°H
S

O G
cl,  siCl HiC  SiCl

Me,Si—/ Me,Si

Bush, R. D.; J. Am. Chem. Soc. 1975, 97, 7371.



Transformations of SCBs

2. Mukalyama aldol reaction

_Si OH

& *t PhcHO ——————> Ph A
B Ph)\/\

85% yield

Utimoto, K..J. Org. Chem. 1994, 59, 7152.

3. Hiyama-Denmark cross-coupling reaction

Pd(dba), (5 mol%)

' TBAF, rt, 10 min X MCsH
Clsrem (Y SO
\ MeO MeO

94% yield

Denmark, S. E. J. Am. Chem. Soc. 1999, 121, 5821.




Transformations of SCBs

4. Ring-opening reaction

Ni(cod), (5 mol%)
PPhs (10 mol%)

toluene, 100 °C X R
\
R
Ni
C ;Si
/ \

B-H elimination

K. Oshima, J. Am. Chem. Soc., 2007, 129, 6094.



Transformations of SCBs

5. Annulation reaction

Ni(cod), (10 mol%)
TOPP (40 mol%)

CO,Et @j‘ toluene, 100 °C ©O=/C02Etz
£| + Si~Rr o Si.
R

\ R
R

\ EtO,C /
N
R‘,Siﬁ
R

reductive elimination

Saito., Tetrahedron Lett., 2010, 51, 6028.
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R
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Si annulation '

/A Si R
Rz R1 —_— R/1 \Rzrrl
SCB

S m=(0, 1,2 3)

challenges to controlling selectivity

® regioselectivity

® chemo-: ring opening vs ring expansion
® configurational: Z- vs E- alkene

@ enantio-: Si* center
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(4 + 1) Annulation Reactions
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s<° O R=  Tms!
S [Rh(cod)Cll, (5 mol%) ~ n-Pr, Me :

Si‘Me TMS-segphos (10 mol%) PR; _§
O toluene, 80 °C ‘_‘ PR,
O ™S !

......................................

n- Pr Me n-Pr, Me n-Pr - Me n-Pr, Me
Si Si
84% yield 90% yield 86% vyield 83% yield
n-Pr\ _/Me n- Pr Me n- Pr Me n-Pr\ ,Me
Si (0] Si
Sl
78% yield 84% yield 85% yleld 78% yield

He, W., Angew. Chem., Int. Ed., 2016, 55, 63109.
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(4 + 1) Annulation Reactions through C-H silication
&

Mechanism
n-Pr\ 'Me
Si

P _Cl_ _P < O

(P/Rh\chh\p) \
oxidative
addition ﬁz")
(ks

B-H

elimination

SI'Rh
reductive reductive
elimination elimination
D

F‘a P} Si-
oxidative
G ETEA S

He, W., Angew. Chem., Int. Ed., 2016, 55, 63109.
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PACp(n3-C3Hs) (4 mol%) ;’ E
(R, R, R)-L (6 mol%) ' Ph :
o] >_Me :
LiOt-Bu (3 or 6 equiv.) R \P N :
0 R - :
NNHTris 0 dioxane/toluene, 0 °C or rt m d }—Me
+ Si ! OCI p[f '
Ar R A’ A ; :
(R, R, R)-L :
Ar = p-CF3CgH, Ar = p-CF306H4 B ’
‘\\H ‘\\H
Si =
N\ Si
Al AT t-Bu Al Ar OO
75% yield, >99% ee 88% yield, >99% ee 65% yield, 97% ee

Br 5
ol
\\\Me OMe ‘\\Me . F‘}AN )
Si s -. “‘\L
Al AT I “Ar I “Ar A
Ar Ph Ar ‘/QC
78% yield, 91% ee 77% yield, >99% ee 41% yield, 97% ee

Wang, J., B., J. Am. Chem. Soc. 2021, 143, 12968.
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(4 + 1) Annulation Reactions with Carbene

Mechanism

Ph A Pd  Ph
@ b, T\
S"PdL Metal Carbene B N 2
i
Ph/ \Ph Formation |I_ Ph H
22.7 kcal/mol P

Path A Ph H

Wang, J., B., J. Am. Chem. Soc. 2021, 143, 12968.
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(4 + 1) Annulation Reactions with Carbene

IGM analysis L Q [‘\s _ph
| L
Ph)C\H Path A Ph)\

enantioselectivity-determining step

TS-2

AG” = 11.3 kcal/mol AG” = 12.5 kcal/mol
Transition state (C-~D) for (S)-3a Transition state (C=D) for (R)-3a

Wang, J., B., J. Am. Chem. Soc. 2021, 143, 12968.
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(4 + 2) Annulation Reactions
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(4 + 2) Annulation Reactions with Alkynes

Intermolecular reaction

Me Co,Me PdCIy(PPh3), Me\ Me

oMo I PhH Si_ _CO,Me
5™ . - (L

COzMe COzMe

95% yield

Sakurai, H., Chem. Lett. 1975, 4, 891.

Intramolecular reaction

.............................

PACP(1°-C3Hs) (5 mol%) R, ‘O Pn
L (5.5 mol%) Lo : O )M

Toluene, 10 °C, 14 h

Ko
I 02y
z
\/\l
Ko
2
[
K
2 4

: P :

> Z 4 \ ; o/ >—Me .

5 P :

up to 97% vyield, 95% ee R : ‘O :

.............................

(\S’i
via| Pt~}
R, —/'R,

T. Hayashi, J. Am. Chem. Soc. 2011, 133, 16440.
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(4 + 2) Annulation Reactions with Alkynes

Intermolecular reaction

.............................

PdCp(n>-C3Hs) (5 mol%) R R : OO Ph 5
] 0 :
L (5.5 mol%) 15 5 \ >—Me:

R —
Toluene, 10 °C, 14 h SiiRs i N\_ ;
| - (L O W™
R, | PR

.............................

MeO MeO

Q \Me Q Me Q\\Me
Si_ _CO,Me Si_ _CO,Me Ci/\ECOZEt
E/\ECOZMe [):cozm CO,Et
95% yield, 92% ee
CF,

Q
Q Et Q Me Me
Esi):cozm Si_ _CO,Me Si. CO,Me
C02Me (ICOZMe (I

CO,Me

95% vyield, 92% ee 90% vyield, 91% ee

90% yield, 91% ee 95% yield, 92% ee 90% yield, 92% ee

T. Hayashi, Org. Lett. 2012, 14, 2902
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(4 + 2) Annulation Reactions with Alkynes

Ar
I
- MeO,C—==—CO,Me i-Me
Mechanism []
oxidative oxidative A
addition addition S,_fMe
\
Pd"
CO,Me CO,Me
Pd0_|_|| - n A
[ Pd_l Pd°
COzMe c' COzMe CO,Me
c ' reductive reductive insertion //
transmetalation elimination elimination
;Ar M MeO,C
|:S|i’Me Ar Ve co,me Ar\s/.e COMe
Si \ Ar ,Me : \
COZMe Si Cone R/ COZMe
Pd" L/\( Pd"
B CO,Me B
2 (2.0 equiv.)
DCM, rt, 3h
Pd(PPh;); ——— > Pd(PPh;),(2)
D
Ar CO,Me Ar\ !Me Ar\ -/Me
Ji-Me catalyst (5 mol%) Siy - COMe S COMe  otalyst 3/4 yield of 3
5 ) ~ (K
Co.Me Toluene, 60 °C, 12 h CO,Me CO,Me Pd(PPhs), 86/14 74%
1 22 3 4 D 84/16 82%

T. Hayashi, Org. Lett. 2012, 14, 2902
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(4 + 2) Annulation Reactions with Cyclopropenes

........................

H Ar Ar
: O : : o o :
: : ' \ /
: PCys; . SN
: : : o (o} !
: CF, ! - ;
: O : 5 A" Ar l
5 . 5 ! Ar=4-(tBu)CeH, |
RS g chiral ligand !
A o, Pd(dba); (5 moi%) ©j Pd(dba), (5 mol%)
L (12.5 mol%) Si~R, chiral ligand (12.5 mol%)
EtOAc (0.5 M), 30 °C, 12 h ., R DCM, rt, 24 h
Si—R, - >
R, 32 examples Ar_ CO;R 16 examples
up to 90% yield up to 91% ee
>99:1 dr ~99:1 dr

Xu, L. W. Angew. Chem., Int. Ed. 2020, 59, 790.
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(4 + 2) Annulation Reactions with Cyclopropenes

Mechanism Phco,me
Ph CO,Me
oy X
\

Path A
Path B/N
S\i\
/ /
(0]
o Y _0
Ph. /~\ L L Ph_ /™
:Pd R\ lPd "an_L
ol _Si -
HT R R \/© a0
-16.0 v 19.9
]l
Ph CO,Me
A =
/
(o)

Xu, L. W. Angew. Chem., Int. Ed. 2020, 59, 790.
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(4 + 2) Annulation Reactions with Cyclopropenes

; /
3P NMR Analysis %o R, Pd O
Ph. /0 st PCy, Ph COzMe
,_Pa-L R CFs Oj\
Prove the existof w™ 1 v
26.81 20.49
/ H H) L, Pd(dba),, 1 a, and 2 a (2:1:50:10) the
ST —— | - _A_l,i,/k T o mixture was stirred for 12 h.
33.52 2038 i ; G) L, Pd(dba),, 1a, and 2 a (2:1:50:10) the
| ) mixture was stirred for 15 min
3360 -2.02
| L l rd F F) L, Pd(dba),, 1 aand 2 a (2:1:10:10)
26.86
| ol W i E E) L, Pd(dba),, and 1 a (2:1:10)
, S : 20.37 D D) L, Pd(dba),, and 1 a (2:1:50)
®/ 3362 I s ¢ C) L, Pd(dba),, and 2 a (2:1:10)
26.88 197 i
e G B B) L and Pd(dba), (2:1)

ot " A A) only L

26
Xu, L. W. Angew. Chem., Int. Ed. 2020, 59, 790.



The importance of the ester moiety on cyclopropenes

Pd(dba), (5 mol%) Ph e 5 O PCyzi

L (12.5 mol%) 'R R,

' 1 2 '

Ph Me EtOAc (0.5 M), 30°C, 12 h ; ;

si * 2g > Si— :

\ \

Pd(dba), (5 mol%) Ph
L (12.5 mol%)

HO
©j PIX EtOAc (0.5 M), 30 °C, 12 h
Si * > Si—
\ \

trace

Pd(dba), (5 mol%) PR o
L (12.5 mol%)

©r‘ Ph CO,H EtOAc (0.5 M), 30°C, 12 h
Lo X - S
\ \

\

no reaction

Xu, L. W. Angew. Chem., Int. Ed. 2020, 59, 790.



..........................

Ni(cod), (10 mol%) 5 E
Me. Me 2 . _ :
si IPr (10 mol%) s"""e : I\ :

. CO mesitylene, 160 °C \/
Y

70%

..........................

Mechanism st
[Ni] &
ot )/ o

\/
O Me [N|] [Ni]
[NI] SI\ A AI

Me

Me_ Me
Si

M. Murakami, Chem. Lett. 2018, 47, 570.
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(4 + 3) Annulation Reactions
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Mechanism

....................

Ni(cod), (10 mol%) 5 o O 5
TOPP (40 mol%) ot : :
touene, 100 °C. C()_/ 2Et; :
Si< :
R SI\ '
R R |
TOPP :
COZEtz SI\R
_/ NG
EtOZC
R N|
R~Si
£cozEt
Et02C
R—Sl

Saito., Tetrahedron Lett., 2010, 51, 6028.
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(4 + 3) Annulation Reactions with Cyclopropenones

(o} R'
Ni(cod), (2 mol%)
©~_\S\i\R g tquene 80°C,48h \ R'
R Sicg
R
o R'
Ry Q Pd(OAc), (1 mol%)
|:IsrRz + toluene, 25 °C, 48 h R’
1] L] é -
R R E\R
Mechanistically insightful experiments
Q Pd(OAc), (1 equiv.)
toluene, 25 °C, 24 h no reaction
Ph Ph
0.1 mmol
Me Pd(OAc), (1 equiv.) Me

Ds’ifMe toluene, 25 °C, 24 h r Si-Me

0.1 mmol
(o] .
IIVIe Pd(OAc), (1equiv.)
i-Me ol 25°C, 48 h
/A + DS' cluene, ' Ph—=—ph
Ph Ph
0.1 mmol 0.01 mmol 67% yield

Zhao, D., Angew. Chem., Int. Ed., 2018, 57, 6329.



Mechanism

Me

!
|:SIi,Me "
e
(o]
|
si-Ve
Z P
Ph Ph
A
Pd° o m
Pd-sj
—| 1°™™Me -CO —
heMe __:CO._. » Ph—=—=—FPh
Ph Ph side product
fo} B
Ph M
Ar ' CO,Me
N—ph Si
Si \ C02Me
l\Me Pd"
Me

Zhao, D., Angew. Chem., Int. Ed., 2018, 57, 6329.
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(4 + 4) Annulation Reactions

re

’
Sso

/° 0
rr'A\\ R‘SI
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(4 + 4) Annulation Reactions with Enones

Pd(OAc), (7.5 mol%) Me Me
Me o P(c-CeH11)4 (15 mol%) Si-Me Fsli;Me
'._Me I THF, reflux, 24 h
S , reflux, o 0
1 2 3 Re 4 R
R,=n-Pr,R,=Ph 80% yield 0
Rq = Ph, Ry = Ph 0 60% yield
Mechanism
4
1
0
si-Me
Pd"

3 2
Me A

H /' si-Me

A

N\~ R Me m

2 ,
D 3
Pd"
E "

B R,
Me R, = Alkyl
Sli—Me
Pd" O Me
Si
N\~ R, Pd'g "“Me
R, = Ph c

36
Oshima, K., Org. Lett., 2008, 10, 2199.



(4 + 4) Annulation Reactions with cyclobutanone

Intramolecular reaction PAd (B 20 ma  M& o

p-xylene, 130 °C, 24 h ,
> 76% yield
Me Si
: \>< >=0 /
Ph
Ph/S<> " 2
'
Pd(mr-allyl)Cp (5 mol%) 7 87% yield
PMe; (20 mol%) ?'\J

p- xylene 130°C,3h Ph

Mechanism ©\)§j &o
/ Ph’s<>

.
cc\jw @fﬁ

Ph”

M O
V7 Ph’S'
P
SI\J/ lSi""J/
o &

Murakami, M., J. Am. Chem. Soc. 2014, 136, 5912.
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(4 + 4) Annulation Reactions with cyclobutanone

Intermolecular reaction
Pd (a—aIIyI)Cp (2 mol%)

Me
t-Bu (8 mol%) Me I Me_Me Me, Me
S NI /
© M,eMe toluene 100 °C, 24h ' S/~ Sl
I
(2.0 equiv.) o o o
85% yield trace trace
t-Bu
Me Me Me S|’Me
M
Pd~<Nc)k/t'Bl>2 >k/t -Bu D (2.0 equiv.) Me\sl_e
1
CgDe, 11, 7 h i CgDe,100 °C, 48h
+ - C ,C
o] Pd
o
@ - g
: 67% yield
(1.0 equiv.) 99% yield
o
— LY
/ - v
Nt Ma Il
'\ki.'. c2 f st II'
. -, P
Intermediate ><’
c4 cio
'-."/ Ilh "J"_
P

Murakami, M. J. Am. Chem. Soc. 2017, 139, 12414.
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(4 + 4) Annulation Reactions with 2-lodobiarenes

Pd(OAc), (2.5 mol%) Ph e
@ Ph KOAc (2.0 equiv.) @ si’
+ J-Ph  DMF,120°C,12h +
I [] - @ @ si
Ph
(1.2 equiv.) Ph

MeOZC Meozc PI‘\| /Ph Me02C
Si
1 O O ?i\ 2a:3a=10:1
Ph
O Ph 61%
1a 2a

MeO MeO Ph Ph MeO Q
Si 2b:3b=1:5
o O
‘ o Ph
1b 2b 3b

Liu, W., ACS Catal. 2021, 11, 5703.



MeO,C Ph _Ph  MeO,C
standard SI
,Ph condlt/ons
+ ._Ph
| Si
|__| Sl
Ph “Ph
Me02C

1a’ 2a:3a=7:1
63% yield
ii. Stoichiometric Expeiment iii. Catalytic Expeiment
4 (2.5 mol%) Q
KOAc (2.0 equiv.) Ph KOACc (2.0 equiv.)
Ph DMF 120°C, 12 h ,Ph DMF, 120 °C, 12 h
! _Ph i
3 Q 5 ;
i, Ph
Ph
Ph “Ph
71% yield
86% yield

iv. Kinetic Isotope Effect

standard Q
5 ,"'B"B conditions
Si/n' u
+
I |:I KIE=2.9 O Si~ nBu S ~n-Bu
O n n -Bu

81% yield (75% D
Liu, W. B., ACS Catal. 2021, 11, 5703. 40




Mechanism Q
Crt

xidati
w O CMD

R Pd"
ot

Liu, W. B., ACS Catal. 2021, 11, 5703.
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Construction more powerful catalytic systems

R
(> [M]/chiral ligand .
h > Si R’
SCBs m=(0, 1,2, 3)
New ligand design
R
! _— o
* Chiral ligand scaffolds
Si"m R - >
/N
R1 Ry

Synthesis of new material and bioactive
molecules
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Thanks for your attention!



